INTRODUCTION
Corrosion has been one of the biggest problem of the human being economically especially from the beginning of last century. Researches have been geared towards protecting metals from corrosion by the use of inhibitors (Ashassi-Sorkhabi and Nabavi-Amri, 2002; Migahed and Nassar, 2008; Ameh et al., 2012; Fouda and Ellithy, 2009) . Corrosion inhibitors are widely used in industry to control metal dissolution and reduce the corrosion rate in contact with aggressive acid solution. Most acid inhibitors are organic compounds containing nitrogen, sulphur and/or oxygen in their molecule (Ogoko et al., 2009; Odiongenyi et al., 2009) . The inhibition action is due to the formation of protection film on to the metal surface blocking the metal from the corrosive agents present in solution (Ameh et al., 2013) .
Plant products are organic in nature and some of the constituents including tannins, organic and amino acids, alkaloids, and pigments are known to exhibit inhibiting action. Moreover, they can be extracted by simple procedures with low cost. Literature on the use of gums as corrosion inhibitors is scanty (Ameh and Eddy, 2013a; Abdallah, 2004 , Umoren, 2008 . Albizia zygia gum is of particular interest because of their safe use, high solubility in water and high molecular size. The gas chromatography -mass spectroscopy (GCMS) spectra of the gum indicate the presence of hetero atoms E-mail: nocaseoche@yahoo.com. like nitrogen, sulfur and oxygen in their structure (Ameh and Eddy, 2013b) . Albizia gum derived from trees of the genus Albizia is formed as round elongated bars of variable size and colour ranging from yellow to dark brown (Mital and Adotey, 1973) .
In the present report, the inhibitive action of A. zygia gum on corrosion of mild steel in H 2 SO 4 solutions is been reported. The inhibition has been evaluated by weight loss, thermometric, Fourier transform infrared (FTIR) and gasometric measurements. The experimental data obtained from different adsorption isotherms at different temperatures was tested so as to determine the thermodynamic functions for the adsorption process.
METHODOLOGY

Corrosion study
Mild steel [composition Fe (98.86) , Mn (0.6), P (0.36), C (0.15) and Si (0.03)] coupons of dimension 5.0 cm × 4.0 cm × 0.11 cm were cut and wet-polished with silicon carbide abrasive paper, rinsed with distilled water, dried in acetone and warm air, and weighed before immersion in the test solutions. Tests were conducted under total immersion conditions in 250 ml of the aerated and unstirred test solutions. The mild steel coupons were retrieved from the test solutions at 24 h progressively for 168 h at 303 and 333 K respectively. The retrieved coupons were appropriately cleaned, dried, and reweighed. The weight loss was taken to be the difference between the weight of the coupons at a given time and its initial weight. All tests were run in triplicate and the data showed good reproducibility. From the average weight loss (mean of three replicate analysis) results, the inhibition efficiency (%I) of the inhibitor, the degree of surface coverage () and the corrosion rate of mild steel (CR) were calculated using Equations (1), (2) and (3) respectively (Ladan et al., 2012) ;
(1)
Where W1 and W2 are the weight losses (g) for mild steel in the presence and absence of the inhibitor,  is the degree of surface coverage of the inhibitor, W = W2 -W1, A is the area of the mild steel coupon (in cm 2 ), t is the period of immersion (in hours) and W is the weight loss of mild steel after time, t.
Thermometric and hydrogen evolution experiments were carried out as reported previously (Eddy et al., 2011) .
FTIR analysis
The FTIR analysis of gum was carried out and that of the corrosion products (in the absence and presence of gum were carried out using Scimadzu FTIR-8400S Fourier transform infra-red spectrophotometer. The sample was prepared in KBr and the analysis was carried out by scanning the sample through a wave number range of 400 to 4000 cm -1 . M H 2 SO 4 containing various concentrations of A. zygia gum at 303 and 333K respectively. From the plots, it is evident that the weight loss of mild steel was also found to decrease with increase in the concentration of A. zygia gum. The weight loss of mild steel in the blank solution was also found to be higher than those obtained for solutions of H 2 SO 4 containing various concentrations of A. zygia gum. These indicate that A. zygia gum is an adsorption inhibitor for the corrosion of mild steel in solutions of H 2 SO 4 . A close comparison between Figures 1 and 2 also revealed that weight loss of mild steel also increase with increasing temperature indicating that the rate of corrosion of mild steel also increase with increase in temperature.
RESULTS AND DISCUSSION
Corrosion inhibition study
In Table 1 , values of the corrosion rates of mild steel and inhibition efficiency of Albizia zygia gum in various media are presented. It can be seen that the maximum of 83.01% inhibition efficiency is achieved at 0.5 g/L of inhibitor concentration. This is mainly due to the active chemical constituent of viz, π bonds, hetero atoms (O and N). The almost greater than 83% of surface coverage (θ) is due to the co-ordination between the metal and the hetero atom present in the inhibitor. The value of inhibition efficiency decreasing with rise in temperature suggests that physical adsorption mechanism (Ameh and Eddy, 2013b) . These results indicate that the adsorption of main active components present in the inhibitor shield the metal surface at room temperature (Petchiammal et al., 2012) . However it may be deshielded from the surface with rise in temperature.
Kinetic study
The kinetic of corrosion of mild steel in the absence and presence of various concentrations of Albizia zygia gum Table  2 . Since the half-life (t 1/2 ) = 0.693/k 1 , calculated values of Table. From the results, it can be seen that the half-life values for inhibited systems are higher than those for the blank solutions.
Effect of temperature
The effect temperature on the corrosion of mild steel in the absence and presence of an inhibitor was studied using the Arrhenius equation, which can be written as follows:
Where E a is the minimum energy required before corrosion can proceed (that is, activation energy) CR 1 and CR 2 are the corrosion rates of mild steel at the temperatures T 1 (303K) and T 2 (333K) respectively. Calculated values of E a , which ranged from 23.72 to 25.14 kJ/mol (Table 3) , which are lower than 40.0 kJ/mol indicating that the inhibitor is physically adsorbed on the metal surface. Physical adsorption requires that the average E a be 40.0 kJ/mol and the inhibition efficiency should increase at lower temperatures (Onen et al., 2013) The activation energies are within the range of values expected for the mechanism of physical adsorption. Therefore the adsorption of A. zygia gum on mild steel surface is consistent with the mechanism of physical adsorption.
Thermodynamics/adsorption study
Heat of adsorption (Q ads ) is the amount of heat needed for the inhibitor to be adsorbed on the surface of the metal. In addition since the corrosion inhibition was carried out at constant pressure, the heat adsorbed should approximate the enthalpy change. In this study, the heat of adsorption of A. zygia gum was calculated using the following equation: Where  1 and  2 are the degrees of surface coverage of the inhibitor at temperatures, T 1 (303K) and T 2 (333K) respectively and R is the gas constant. Calculated values of Q ads are also recorded in Table 3 . These values are positive indicating that the adsorption of A. zygia gum on mild steel surface is endothermic.
The adsorption characteristics of A. zygia gum was also investigated by fitting data calculated for the degree of (Emregul and Hayvali, 2006) :
Where C is the concentration of the inhibitor in the bulk electrolyte, b is the adsorption equilibrium constant and  is the degree of surface coverage of the inhibitor. Figure  5 presents the Langmuir isotherms for the adsorption of A. zygia gum on mild steel surface. Values of adsorption parameters deduced from the plots are presented in Table 4 . The equilibrium constant of adsorption calculated from the intercept of the Langmuir plot is related to the free energy of adsorption according to the following equation: 
Where G 0 ads is the standard free energy of adsorption of ethanol extract of A. zygia gum on mild steel surface, R is the universal gas constant and K ads is the equilibrium constant of adsorption. Calculated values of free energy of adsorption are also presented in Table 4 . The free energies are negatively less than the threshold value of -40 kJ/mol required for the mechanism of chemical adsorption. Therefore, the adsorption of A. zygia gum on mild steel surface is spontaneous and supports the mechanism of charged transfer from the charged inhibitor to the charged metal surface.
Mechanism of inhibition
A. zygia gum has been found to be a good corrosion inhibitor. The inhibition potential of this gum can be explained in terms of interaction between the metal and the gum. Most efficient corrosion inhibitors are longcarbon chain or aromatic compounds that have heteroatoms (N, S, P, and O) in their system. The present of π-electron rich functional groups have also been found to enhance inhibition efficiency of a corrosion inhibitor.
Figures 6 and 7 shows the FTIR spectrum of A. zygia gum and the corrosion product respectively. Wave numbers and intensities of adsorption deduced from the FTIR spectrum of A. zygia gum and the corrosion product as well as the assignment of vibration type and functional groups are presented in Tables 5 and 6 . From the obtained results, it can be seen that the FTIR spectrum of the gum consist of several C-H bends which occurred in the wave number range of 703.08 to 1003.98 cm , the OH stretch at 3251.13 cm -1 , the N-H stretch at 3368.79 cm -1 and the C-H stretch at 3483.56 cm -1 were absence in the spectrum of the corrosion product of mild steel suggesting that these functional groups were used in the adsorbing the inhibitor to the metal surface. On the other hand the 609.53 cm , the OH stretch at 2648.00 and the CH aliphatic stress at 2820.99 cm -1 were new to the spectrum of the corrosion product indicating that new bonds were formed.
Conclusions
A. zygia gum is a good adsorption inhibitor for the corrosion of mild steel in acidic media. The adsorption of the inhibitor on mild steel surface involves the formation of multi molecular layer through C-H bending vibrations due to alkenes at 703.08 and 933.58.01 cm . The adsorption of the inhibitor was also found to be spontaneous, exothermic and supported the mechanism of physical adsorption
